A routine activity for a sports dietitian is to estimate energy and nutrient intake from an athlete's self-reported food intake. Decisions made by the dietitian when coding a food record are a source of variability in the data. The aim of the present study was to determine the variability in estimation of the daily energy and key nutrient intakes of elite athletes, when experienced coders analyzed the same food record using the same database and software package. Seven-day food records from a dietary survey of athletes in the 1996 Australian Olympic team were randomly selected to provide 13 sets of records, each set representing the self-reported food intake of an endurance, team, weight restricted, and sprint/power athlete. Each set was coded by 3-5 members of Sports Dietitians Australia, making a total of 52 athletes, 53 dietitians, and 1456 athlete-days of data. We estimated within-and between-athlete and dietitian variances for each dietary nutrient using mixed modeling, and we combined the variances to express variability as a coefficient of variation (typical variation as a percent of the mean). Variability in the mean of 7-day estimates of a nutrient was 2-to 3-fold less than that of a single day. The variability contributed by the coder was less than the true athlete variability for a 1-day record but was of similar magnitude for a 7-day record. The most variable nutrients (e.g., vitamin C, vitamin A, cholesterol) had ~3-fold more variability than least variable nutrients (e.g., energy, carbohydrate, magnesium). These athlete and coder variabilities need to be taken into account in dietary assessment of athletes for counseling and research.
Introduction
A routine task undertaken by a sports dietitian is to estimate an athlete's energy and nutrient intake from self-reported information about their food intake. This information is used both in research settings and in the clinical counseling of individual athletes. Assessing the intake of individuals and groups is a challenging task. Experts in dietary survey methodology (2-4) have identified major sources of error relating to the accuracy of information (how well the results reflect actual intake) and reliability (how well the results reflect usual intake). Many reviews have discussed the limitations of the food intake data provided by self-reported food diaries (2-4), including those kept by special populations such as athletes (5) . Most reviews have considered that the greatest errors or limitations of dietary surveys lie with the subjects, and their inability to record an accurate and representative account of their habitual dietary patterns. Far less attention has been focused to the processing of food diaries to assess the reported intake of nutrients and energy. Possible sources of error or variability in the processing relate to inadequacies of food composition databases (1, 6, 7) , as well as the variation in tasks completed by the person undertaking the analysis of the food diary (1, 6) . For the purpose of this study, this process will be called the "coding" of food diaries and will be undertaken by "coders". Although dietary analysis packages are commercially available, it is still considered optimal for their use to be limited to those with expertise in nutrition or dietary survey methodology.
Undertaking a computerized dietary analysis involves the following steps, which may all contribute to the error or variability component of results: reading and interpreting the food diary or survey instrument, selecting and entering the best-fit item from the available choices in the database, and quantifying the amount of each food or drink item. Each of these steps can introduce error or variability in the estimation of energy and nutrient intake. The aim of the present study was therefore to determine the error or variability in estimation of the daily intake of energy and key nutrients reported by elite athletes, when experienced coders analyzed the same food records using the same database and software package.
Methods

Subjects
Sports dietitians were recruited from the membership of Sports Dietitians Australia. Ninety-one sports dietitians responded to the call for volunteers and were sent research participation packs. Of those, 53 dietitians (a return rate of 58%) completed analyses that were included in the study.
Testing
Each dietitian was asked to analyze four 7-day food diaries using FoodWorks Professional Edition, Version 2.10 (Xyris Software, Brisbane, Australia). The software package, which utilized the AusNut (Base Foods) and AusNut (Brands) databases, was provided to the dietitians for 1 month to allow completion of the analyses. To encourage completion of the study, the dietitians were offered 6-month free use of the software package on return of the completed analyses.
Food diaries were chosen randomly from a dietary survey previously conducted with the 1996 Australian Olympic team (Burke et al, submitted for publication). The anonymity of the athletes was maintained throughout. Athletes were divided into four groups according to their sport and/or position or event within that sport: endurance sports (rowers, cyclists, distance runners, walkers), team sports (basketball, beach volleyball, tennis, hockey, volleyball), weight-conscious sports (boxing, judo, lightweight rowing, weightlifting, wrestling, gymnastics, diving), and sprint and power sports (archery, table-tennis, sprint track and field, baseball, softball, shooting, hockey goal keeping). Thirteen records were chosen from each group and balanced for gender (7 males and 6 females). Thirteen sets were formed, each having one record from each category. The combinations were randomly assigned to dietitians such that each dietitian coded four 7-day food records, and each record was coded by 3-5 dietitians. The dietitians completed the coding of records without the opportunity to review the contents with the athletes. Each dietitian analyzed each individual day for each of their four athletes separately using FoodWorks Professional Edition, Version 2.10 (Xyris Software, Brisbane, Australia). They were asked to provide each analysis as separate data files for each day's intake for each athlete. The purpose of the study was explained as an investigation of the variability in professional interpretations in dietary coding tasks. Subjects were told that there were no correct answers to the food diary analyses; rather, we were simply interested in professional judgment.
Dietary Nutrients
The dietary intake of the following nutrients were calculated: energy (kJ), carbohydrate (g), sugar (g), starch (g), protein (g), fat (g), monounsaturated fats (g), polyunsaturated fats (g), unsaturated fats (g), cholesterol (mg), fiber (g), water (ml), folate (ug), magnesium (mg), niacin equivalents (mg), phosphorus (mg), potassium (mg), riboflavin (mg), thiamine (mg), vitamin C (mg), vitamin A (mg), calcium (mg), iron (mg), and zinc (mg).
Analysis
We used the mixed linear modeling procedure (Proc Mixed) in the Statistical Analysis (v. 6.12, SAS Institute, Cary, NC) to account for variation in the data from fixed effects and random effects. The fixed effects represented differences in means of sex and sport subgroups and differences in means of different days in the week. We do not report the magnitudes of these effects in this article. The random effects represented variation within-and between-athletes and dietitians, which we modeled as variances of the log-transformed dietary nutrient and combined to express typical variability in the dietary nutrient as a coefficient of variation (standard deviation as a percent of the mean). The random effects were athlete, dietitian, athlete*dietitian, athlete*dayweek, and residual variance. We added the variances of these effects to obtain typical variations for the following scenarios: The above combinations of variances apply to assessments of a 1-day diary. To estimate typical variations in assessments of 3-and 7-day diaries, we divided the variances of athlete*dayweek and the residual variance by 3 and 7, respectively, before adding them to any other variances. We obtained confidence limits for the estimates of the typical variations by the method of bootstrapping. From an aborted preliminary analysis of one variable, we estimated that full analysis of bootstrap samples of 1000 would have taken many days; we therefore performed separate analyses for each sport for each of 500 bootstrap samples, averaged the variances for the sports in each bootstrap sample, then used the square root of the 2.5 th and 97.5 th percentiles of the 500 values as the confidence limits for the given typical variation of the given dietary nutrient. Differences between a given typical variation from the full analysis and the corresponding median from the bootstrap analysis were trivial. The confidence limits are presumably conservative, because analysis by sport effectively reduced the degrees of freedom for some of the variances. The same bootstrap analysis provided confidence limits for a comparison (ratio) of the typical variations between pairs of sports.
We also derived estimates of typical variations from separate analyses for female and male athletes. We did not obtain bootstrap estimates of the female/male comparisons, because the observed differences between females and males were mostly trivial, and the time required to write and run the bootstrap program would have been excessively protracted.
Results
The mean nutrient intakes reported by the athletes are listed in Table 1 . These values represent the mean dietary intake of 52 athletes from a variety of sports, from 7-day food diaries, each of which was analyzed by 3-5 coders. The standard deviation was calculated from each of the daily totals (7 days), from each athlete (n = 52) by each of the coders (3-5 dietitians), which accounted for 1456 observations for each nutrient.
The variation in reported nutrient intake for each athlete can be ascribed to different issues in dietary survey methodology. We were able to statistically separate the variability in nutrient intake for a single athlete that is a result of separate coders analyzing their food diary, from the true variability in nutrient intake that occurs from daily differences in food intake. In addition, although 7-day food records were completed by all the athletes, we used the data to estimate the variation in nutrient intake that would occur between separate administrations of a 24-hour, 3-day, and 7-day food record in the same athlete. Table 2 represents the variation in reported nutrient intakes that would be expected if a given athlete kept a food record on separate occasions and had these coded by different dietitians. Table 3 represents the variation in reported nutrient intakes expected if this athlete kept diaries on separate occasions but had the diaries coded by the same dietitian. Table 4 represents the variation in nutrient intake if different dietitians coded the same food diary kept by one athlete. Table 5 shows the expected variation in nutrient intake if diaries completed on separate occasions by the same athlete could be completed without any coder error. From these data, we observed the following: 1. All tables show that there is a substantial reduction in the variability in nutrient intake when the number of days of the food record is increased from 24 hours to 3 days, and from 3 days to 7 days, with the difference from 24 hours to 7 days being 2-to 3-fold. 2. There are substantial differences in the variability of different nutrients, with the more variable nutrients (e.g., vitamin C, vitamin A, cholesterol) having ~3-fold more variability than the least variable nutrients (e.g., energy, carbohydrate, magnesium). 3. The greatest variability occurs when different dietitians code different diaries for the same athlete (comparing Table 2 to Table 3 ). Note. Confidence limit for the 1-day coefficient of variation is x/1.15; confidence limit for the 3-day coefficient of variation is x/1.14; confidence limit for the 7-day coefficient of variation is x/1.15
4. The magnitude of the coder error (Table 4) is less than the true athlete variability (Table 5) for a 24-hour diary but is of similar magnitude for a 7-day diary.
Athletes involved in weight-conscious sports showed substantially more within-athlete variation for most nutrients than athletes in the other three categories. The differences were most apparent (typically by a factor of ~1.4, confidence limits 1.0 to ~2.0) for within-athlete variations when the same dietitian coded the diaries Note. Confidence limit for the 1-day coefficient of variation is x/1.15; confidence limit for the 3-day coefficient of variation is x/1.13; confidence limit for the 7-day coefficient of variation is x/1.12.
(as in Table 3 ) and for the hypothetical situation of negligible variation arising from the dietitian (as in Table 5 ). Differences in within-athlete variation between males and females were also most apparent for these two types of variation. The differences between sexes were mostly trivial (within a factor of 1.1 of each other), but variations in mono-unsaturated fat intake in females were ~1.2ϫ those of males, whereas variations in carbohydrate, sugar, and calcium intakes in males were ~1.2ϫ those of females. Note. Confidence limit for the 1-day coefficient of variation is x/1.18; confidence limit for the 3-day coefficient of variation is x/1.19; confidence limit for the 7-day coefficient of variation is x/1.22.
Discussion
In this study we examined the variability in estimated energy and nutrient intake from food diaries kept by elite athletes, and compared the true variability in the athletes' intake with the variability introduced by the process of coding and analyzing the food records. We found that the variability of estimates of intake is influenced by the duration of the period of recording:Increasing the record period from 1 Note. Confidence limits for the 1-day coefficients of variation is x/1.18; confidence limit for the 3-day coefficient of variation is x/1.16; confidence limit for the 7-day coefficient of variation is x/1.16. day to 7 days produced a 2-3-fold reduction in the variance of estimated nutrient intake. Nevertheless, the intake of some nutrients was intrinsically more variable than others, with the more variable nutrients (e.g., vitamin C, vitamin A, cholesterol) having ~3-fold more variability than the least variable nutrients (e.g., energy, carbohydrate, magnesium). Day-to-day variability in dietary behavior or recording of behavior was similar for both sexes for most nutrients, any substantial differences being at most small. However, we found some differences between sporting groups, with a greater day-to-day variation in nutrient intakes of athletes in weight-conscious sports, compared with those involved in endurance sports, team sports, and power or skill sports. Our coders, despite being experienced sports dietitians, added substantial error to the estimates of nutrient intake, this error being of similar magnitude to the true athlete variability determined from a 7-day food diary. It is important to consider the source of this coder error and the implications of this error in the interpretation of the data collected from food diaries. Food composition data provide an approximation of the energy and nutrient composition of foods. However, a large number of foods contribute to the overall dietary intake of an individual, and the variations between actual and estimated nutritional values from foods are considered to be random, so errors tend to cancel each other out in the calculation of the total daily nutrient intake. However, the fitting of foods and drinks described in a diary to the items included in the database of the dietary analysis program adds several layers of error or variability. Although modern food databases contain information about a large number of different foods, this is a small number compared to the foods actually consumed by a population. There is a systematic bias with regard to the types of foods excluded from food databases; these include meals or dishes of multiple ingredients (e.g., lasagna, casseroles, stir fries), ethnic foods, and packaged and convenience foods, especially in niche markets such as sports foods. Some databases do allow food nutrient composition and new foods to be added if this information is available from food labels and manufacturers.
Errors can occur through misreading of the food record and through mistakes in entering the data. Differences can also arise in professional interpretation of the food record, especially to judge the quantity of food that was reportedly consumed and to match it to a food contained in the computer database. When a food, particularly a mixed dish, is missing from the database, the coder has several options for handling this entry. For example, he or she can solicit nutrient composition information that might be available from commercial or other sources and enter this new food into the database, substitute with another food that which is judged to have similar nutritional characteristics, or enter a group of food ingredients that are judged to contribute to the total nutritional profile of the food. In this study, by providing a standard set of food diaries and using a standard computerized dietary analysis program, we were able to estimate the magnitude of the variability added by this coding process to the estimate of energy and nutrient intake reported by elite athletes.
Our data show that in the case of a 7-day food diary, which provided the most precise estimate of reported energy and nutrient intake, the variability added by the coding process was similar in magnitude to the true variability in intake of energy and nutrients. The overall coding error was greater for 1-and 3-day food records compared to the 7-day food diary, but due to the large increase in the true variability in intake estimated from the diaries of shorter duration, the coder error provided a smaller source of variability relative to the true variability in intake in these diaries. The coder error adds to the true variability in intake in real-life situations in clinical practice or research, for example, when a dietitian codes two records kept by the same athlete over separate periods, when a dietitian compares the results of an analysis of a single record to a standard such as the Dietary Reference Intakes (DRIs), when an athlete receives a nutritional assessment from two dietitians over time, or when a researcher compares the dietary intakes of two groups of athletes.
Even in the case of estimates derived from a 7-day diary, the precision can range from 12-15% in the case of the most stable nutrients, to 35-40% for the most variable nutrients. If this coder error could be removed, the variability of estimates would be reduced typically by one third.
Why is the precision of the estimate of nutrient intake important? The precision determines the confidence limits or the range of likely true values for the estimate of the nutritional variable. If the value of the estimated intake of a certain nutrient is close to a reference standard-for example, if the estimated intake of a vitamin is close to the DRI for this vitamin-a variability of ~40% in this estimate includes both the possibility that the athlete is achieving a dietary intake that meets their predicted requirements, as well as the situation of a sub-optimal intake of this nutrient. In practice, dietitians make clinical judgments about an athlete's dietary intake based on the values estimated from a food diary, but the likely range of the true value should be taken into account, along with other qualifying issues such as the degree of confidence that the food diary represents the athlete's usual intake.
Situations where two periods of dietary intake are compared are also at risk of misinterpretation. With an increase in the variability of a measure comes an increased risk of a type II statistical error-the failure to detect a real difference or change between two separate determinations of dietary intake. Practical outcomes of this error could include the evaluation of a dietary intervention (e.g., dietary counseling or an education strategy), which fails to detect that it was successful in achieving desirable changes in the dietary patterns of an individual athlete or a group of athletes. On the other hand, it could manifest as a failure to detect physiologically significant differences in nutrient intake, which occur over time in a prospective study or between groups in a matched-group designed study. Thus, a study that claims to provide a standardization of nutritional status or dietary intake of its subjects may, in fact, have introduced an unrecognized extraneous variable into the research design.
In practical terms, if the coder error could be removed from the estimates of dietary intake, a dietitian would be able to better interpret the reported dietary intake of an athlete or group of athletes, because the range of the likely true values could be reduced by about one third. (Of course, the validity of self-reported food intakes must also be taken into account.) In situations where dietary intakes from two separate occasions or athletes are compared, such an increase in the precision of the estimate would increase the likelihood of being able to detect small but nutritionally significant differences in intake. When research of this type is designed, power analysis should be undertaken to ensure that the design would allow important differences between assessments to be detected. For example, a sports dietitian who wanted to investigate whether the introduction of a new menu in an athlete dining hall promoted an increase in the carbohydrate intake of a group of athletes should calculate sample sizes for the survey, based on knowledge of the variability of estimates of carbohydrate intake, and the smallest change in carbohydrate intake that would be considered useful. The present data show that if the coder error was eliminated from the assessments of nutrient intake, the decrease in sample size of this theoretical study could be reduced by a factor of 0.7 (i.e., from 30 athletes to 20). Clearly, these changes are worthwhile both to improve the interpretation of the findings of dietary assessment(s), and to reduce the labor and costs involved in studies.
There are few other studies in which the contribution of the coder error to the variability in assessments of nutrient intake has been examined. Two earlier studies distributed food diaries (from 10-30 subjects) to a small number of different nutrition centers to compare their assessments of energy and nutrient intake (1, 6) . The researchers attributed the large variances in the estimated nutrient intakes from the food diaries to the different computer databases used at each center. In one study, the coder error was investigated by having 2 coders from one of the centers each undertake a separate analysis of the food diaries (1), and was found "not to influence nutrient intake calculations in a significant manner". Researchers in the other study were able to separate the coder error from the database variability for all analyses (6) . The food composition databases provided the greatest source of variability in the assessments made by each center, but for some nutrients the coder error was equal to (e.g., energy and saturated fats) or greater than (e.g., fat and poly-unsaturated fatty acids) the variation between the databases (6). The results of these studies should be interpreted in light of the research designs: Each involved a small number of centers (3 in each study), and in the case of the first study, the coders were highly trained in a standardized protocol of coding food diaries. The authors of both studies noted the need to examine situations involving greater numbers of coders under more diverse conditions, and with a variety of levels of skill and training. We could only find one published study that appeared to address this need: a report of the analysis of two purpose-designed 1-day food records by 33 different dietitians using the same computerized dietary analysis programs, including information about how each coder handled the foods that were not included on the nutrient database (9) . The analyses showed variability in the nutrient estimates of 7-94%, with the estimates of micronutrients being more variable than energy and macronutrients. These findings agree broadly with the results of the present study.
Potential sources of variability due to differences in professional judgment may lie first in the characteristics of the food coder and his/her familiarity with the population whose dietary records are being assessed. We chose a group of dietitians with a professional interest in sports nutrition, who we expected to be familiar with dietary practices of athletes and the foods they consume. We assumed this familiarity would assist their interpretation of the food diaries. Of course, such professionals may have a bias based on their preconceived knowledge or experience of the target population. For example, a coder may expect all athletes to be consumers of large amounts of food and therefore may overestimate the serving size of foods described in the record. We are unable to rate the success of our population in undertaking this coding activity compared to other possible groups of coders. Nevertheless, from our experience and from comments of other researchers (1, 6, 7), we provide the following recommendations to reduce coding errors in the assessment of food records kept by athletes:
1. Ensure that the food diary is as detailed and accurate as possible. This includes attention to the instruction of the athletes who are recording the food diaries and the possibility of cross-checking returned diaries with the athlete to clarify misunderstandings or potential mistakes in recording. 2. Become as familiar as possible with the types of foods and sports food/ supplement products consumed by athletes. Keep an inventory of food composition information regarding foods that are not included in the food composition databases, especially "niche" foods such as sports products.
3. Be familiar with the workings of the dietary analysis program and its food composition database. Keep it updated with the addition of data for food items listed (3), and keep a record of items that are added. 4. Instigate a standardized protocol for handling the coding of each entry on the food diary, including steps taken in quantifying each food and matching it to the item of best fit in the food composition database. Keep a record of this protocol, especially for dealing with food items that are not included on the database so that these foods will be handled in an identical manner on future occasions. 5. Instigate a standardized protocol for undertaking quality control of the processing of each food diary; for example, undertake a routine spot-check of each day's record for entry errors. 6. Take extra care that identical food composition databases and coding protocols are used when comparing assessments of dietary intake from two separate occasions or groups. If this is not possible, undertake a comparison of results when a subset or example of a food diary is analyzed by each of the systems to check for bias or increased variability.
Finally, we must comment on our finding that, even when the coder error is eliminated, there are differences in the variability in the intake of various nutrients. This finding is in agreement with the dietary survey work of Marr and Heady (8) , who noted that, typically, nutrients could be classified into three groups. The first category contains nutrients that are consumed daily in a varied diet and include total energy, carbohydrate, protein, fiber, and fat. These nutrients are distributed widely in foods and are eaten quite regularly, so they have an inherently low variability. The second group includes calcium, types of fatty acids, riboflavin, thiamine, cholesterol, vitamin A, and vitamin C. These nutrients are distributed widely in foods in moderate amounts but are often found in a limited number of foods in very large amounts. Because it is possible for an individual to eat a large amount of a nutrient from a single food source on a single rather than regular occasion (e.g., ␤-carotene from carrots, cholesterol from eggs), it is typical to see a wide variation in intake from day to day. Thus, these nutrients require a longer period of recording or a greater sample size to be sure of capturing usual intake with an acceptable degree of precision. The third category includes nutrients, such as alcohol, that are not consumed at all by some people. Another finding of this study was that there is an apparent difference in the variability of nutrient intake of different types of people; in our case, we found a greater day-to-day variation in nutrient intakes of athletes in weight-conscious sports, compared with those involved in endurance sports, team sports, and power or skill sports. Further work is needed to confirm and explain these findings, but it means that such factors could be taken into account to improve the design and interpretation of dietary surveys of groups that have a more variable intake.
In summary, in this study we found that the process of coding food diaries, even in the hands of experienced dietitians, adds a substantial variability to the estimation of energy and nutrient intake. We found a large reduction (2-3 fold) in the variability in nutrient intake when the number of days of the food record was increased from 24 hours to 3 days, and from 3 days to 7 days. There were substantial differences in the variability of various nutrients, with the more variable nutrients (e.g., vitamin C, vitamin A, cholesterol) having ~3-fold more variability than the least variable nutrients (e.g., energy, carbohydrate, magnesium). It is important to take steps to eliminate or reduce this coder error as much as possible, then interpret the data based on an appreciation of the residual variability. These steps should occur in clinical practice where information on the dietary intake of an athlete is compared to reference dietary intakes or sports nutrition guidelines, or to the results of previous assessment. They should also be taken into account in the research setting, especially when dietary intake data from two occasions or two separate groups are compared.
